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Abstract 
Based on the law of visual perception, we proposed three elements to describe the scene image: ground, objects and 
sky, and the equation of single view scene image. By using the fast classification, which is based on the independent 
graphic function code and three elements, the single view scene image segmentation is realized. The main innovation 
of this method is the use of ICA methods based on three elements to define the graphic, the independent graphic 
function code, the parent element and the selection principle and to divide the image according to the characteristics 
of the three elements without the precise analysis of the color, texture and geometric shapes of the image. The 
experimental results show good performance for outdoor scene. 
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1   Introduction
For the key technologies of unmanned vehicles, the main part of automatic navigation is the perception 
and understanding of road scene, dividing the areas corresponding to the objects completely and rapidly 
to determine the travelling areas and environment of unmanned vehicles. Image segmentation is an 
important and classic problem in image processing. At present, we often extract target from the scene 
according to the color and texture features to achieve a more satisfactory area classification. There are 
many feature extraction methods for color and texture of the image, for example, extracting the pixels 
contrast of the color histogram, mean, standard deviation and variance etc; using Laws texture energy 
measurement, the correlation function, gray level co-occurrence matrix, Fourier transform, Markov 
random fields and wavelet analysis [1, 2].  
—————— 
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2. Method Description 
2.1 The three elements of outdoor scene 
For outdoor scene image, we assume that it consists of the three elements, that is, ground, objects and 
sky. Under this assumption, every pixel in the single-angle image can be classified according to ground 
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plane, objects and sky, and it is easy to estimate the location of the horizon. So when analyzing the single-
angle image, we can use the color, texture, location and geometry to classify and mark the three elements 
of the single-angle image [3, 4].  
2.2 Model Description 
Supposing the coordinates of the single-angle image is i i(u , v ),i [1,T]∈ , we can get the image 
equation of outdoor scene by using the spatial location and the elements of image: 
T
i i 1i 1 i i 2i 2 i i 3i 3 i i 4i 4 i i
i 1
P(u , v ) (c p (u , v ) c p (u , v ) c p (u , v ) c p (u , v )
=
= + + +∑ )              (1) 
Where 1 i ip (u , v ) is the sky pixels, 2 i ip (u , v )  is the object pixels, 3 i ip (u , v )  is the ground pixel, 
4 i ip (u , v )  is the mixed pixels in addition to the three elements. 
2.3 Independent graph function code 
We believe that [5], an image signal is build up of the linear superposition of weighted independent 
graph function codes. For an image signal 1 ( , )P u v ，  we divided it equally into N small graphs 
{ }p n ，（ 1,2,n N= L ）. Transforming them into one-dimensional form and by certain methods we 
can obtain a set of independent graph function codes. 1 ( , )P u v   can be obtained by linear weighted of 
the independent graph function codes 1
mb ( 1,2, , )m M= L . Assume that M is the total number of 
independent chart function codes, nmc  is the coefficient of the m
th independent graph function code, 
which is of the nth graph of image signal 1 ( , )P u v . Order
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When C is full rank, then the conversion between 1
nP  and 1
nb  is reversible. The independent graph 
function codes 1
nb  and nmc  can be considered as the priori information which can apply to the image 
segmentation. If the inverse matrix of C is 1−=W C ,  as to the training data { }P n , in order to improve 
efficiency, we can use PCA to reduce the dimensionality of these data firstly, then use Negative Entropy 
Maximization to carry out iterative processing[5]. The iterative formula is: 
( ) ( ) ( )( ) ( )1 ( )T Ti i i i i i iW j E x g W j x E g w j x W y′+ = −                                (3) 
In the formula, g  and g′ is the first derivate and secondary derivative of the function 
1
lg ( )G Cos ay
a
=  respectively, and 1<a<2. ( )iw j  is a row vector which is corresponding with the ith
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signal source of W matrix after iterating seven times. Calculating 1 2 M, , ,W W WK  one by one and we 
can get each independent graph function code. 
2.4 The three elements image rapid classification method based on independent graph function codes  
In order to classify the three elements from single outdoor scene images as quickly as possible, we 
take the methods as follows: 
• Select the parent element of the three elements. The given image is divided into Q equal-size elements, 
and then selects the three parent element from these elements.  
• Seeking the statistical independence graph function of parent elements. The key is formation of 
independent graph function codes. As the wavelet analysis can decompose signal at any time-
frequency resolution, and has good localization characteristic. The single source  1 0( )s t V∈ , when 0V
can be decomposed as followings: 
0 1 1
1
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− − − −
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= ⊕ = ⊕ − ⊕                                       （4）
 Then 1( )s t  can be decomposed into the projection in the function space: 
1
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In that, ( ) , ( )j j N Ng t W f t V− − − −∈ ∈ . Now we can use wavelet transform (WPT) to decompose 
signal into a number of narrowband signals. Therefore, by using discrete wavelet decomposition parent 
elements .we can get the same size multi-layered codes, and further obtain independent graph function 
from the ground and the objects parent codes. 
• Classify Q elements. We use “similar distance” to describe the distance between two independent 
graph function codes. 
Proposing that the independent graph function code of the ith element is ( )ib t   and the independent 
graph function code of the jth element is ( )ia t .Then the similar distance is: 
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The more small the similar distance between ( )ib t  and ( )ja t  is, the more similar ( )ib t  and 
( )ja t is .When 0kd = ， ( ) ( )j ia t b t= , it means they are similar. 
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 2.5 The selecting principle of the parent element  
• It should be uncorrelated among the parent element g1P 、 g2P 、 g3P , Cov ( g1P , g2P , g3P )⇒ 0.
• Every parent element should not be prejudice to its own typical features of the three elements of an 
image such as location, color, texture, shape and so on. 
• The parent element could be replaced in the same pixel. 
3 Experiments 
The following simulation experiment gives an example of single view image segmentation, which is 
based on independent graph function code and three elements. The first step, Divide image P to 64 
primitive { }P n (n=1, 2… 64). According to parent element selecting principle above mentioned, we 
select g1P  = {4}P ， g2P = {28}P ， g3P = {61}P , as shown in Figure 1 (b). And then, utilize the four 
layers wavelet decomposition on g1P 、 g2P 、 g3P , and get the independent graph function code, as shown 
in Figure 2. The g1P
′
 in Figure 2(a) is the one-dimensional form of g1P ,
1 2 3 4
1 1 1 1, , ,b b b b  are 
g
1P ’s 
independent graph function codes ; the g2P
′
 in Figure 2(b) is the one-dimensional form of 
g
2P
′
, 1 2 3 42 2 2 2, , ,b b b b  are 
g
2P ’s independent graph function codes ; the
g
3P
′
 in Figure 2(b) is the one-
dimensional form of g3P
′
, 1 2 3 43 3 3 3, , ,b b b b  are 
g
3P ’s independent primitive function codes .According to 
the method described above, classify these elements , and use the expressions (6) to get distance between 
the two independent graph function codes . Here, we suppose that λ is the threshold, and for two image 
elements, when kd λ≤  , they are similar, the rest are mixed elements. Mixed elements are usually the 
boundaries of different elements, in order to improve the segmentation accuracy, we can view every 
mixed image element as a single image, and do further detailed classification by the above method. 
The Figure3 is the results of classification which according to the method above. At last, we mark the 
classification results of three elements. As shown in Figure4 (a), we can get the horizon from the 
combination of ground label 3P and object label 2P , and then use the yellow line to mark the boundary of 
the three elements in the Figure4 (b). 
4. Conclusion 
This paper presents a new segmentation method which divides outdoor scene into three elements, by 
using independent graph function code as category features, comparing and classifying the adjacent 
element, replacing the similar super graph element one by one, introducing the clustering results and the 
adjacent information of super image element and image element to the next classification process. The 
method not only takes advantage of a variety of effective clues, but also considers the adaptive of 
classification threshold, and describes the significance of graph segmentation from a new perspective 
with smaller computation cost.  It is practically significant to the environment understanding and fast road 
recognition of the pilotless vehicles for its real-time property and robustness. 
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Fig. 1 single image and its image elements 
 
 
Fig.2 independent graph function codes of three image elements 
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Fig. 3 the classification result based on the independent graph function codes 
Fig.4 the boundary markers of the three elements 
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